Rectangular cone b-metric spaces over a Banach algebra are introduced as a generalization of metric space and many of its generalizations. Some fixed point theorems are proved in this space and proper examples are provided to establish the validity and superiority of our results. An application to solution of linear equations is given which illustrates the proper application of the results in spaces over Banach algebra.
Introduction
Liu and Xu in [] reported the concept of cone metric space over Banach algebra (in short CMS-BA) and proved contraction principles in such space. They replaced the usual real contraction constant with a vector constant and scalar multiplication with vector multiplication in their results and also furnished proper examples to show that their results were different from those in cone metric space and metric space. The concept defined by Liu and Xu [] was further generalized by Huang and Radenovic [] by the introduction of a cone b-metric space over a Banach algebra (in short CbMS-BA).
In this paper we have introduced the concept of a rectangular cone b-metric space over a Banach algebra (in short RCbMS-BA) and proved the Banach contraction principle and weak Kannan contraction principle in this space. Simple examples are given illustrating the validity and superiority of our results. We have also given an application of our result to a solution of a system of linear equations.
Preliminaries
A linear space A over K ∈ {R, C} is an algebra if for each ordered pair of elements x, y ∈ A, a unique product xy ∈ A is defined such that for all x, y, z ∈ A and scalar α:
(i) (xy)z = x(yz); (iia) x(y + z) = xy + xz; (iib) (x + y)z = xz + yz; (iii) α(xy) = (αx)y = x(αy). A Banach algebra is a Banach space A over K ∈ {R, C} such that, for all x, y ∈ A, xy ≤ x y .
For a given cone P ⊂ A and x, y ∈ A, we say that x y if and only if y -x ∈ P. Note that is a partial order relation defined on A. For more details on the basic concepts of a Banach algebra, solid cone, unit element e, zero element θ , invertible elements in Banach algebra etc. the reader may refer to [-].
For basic properties of Banach algebra and spectral radius refer to [, ] .
In what follows A will always denote a Banach algebra, P a solid cone in A and e the unit element of A. (ii) If θ a c for each c θ , then a = θ .
Definition . ([]) Let

Main results
In this section first we introduce the definition of a rectangular cone b-metric space over a Banach algebra (in short RCbMS-BA) and furnish examples to show that this concept is more general than that of CMS-BA and CbMS-BA. We then define convergence and a Cauchy sequence in a RCbMS-BA and then prove fixed point results in this space. 
RCMS-BA).
In the above definition if condition RCbM is replaced with
Note that every CMS-BA is a CbMS-BA and CbMS-BA is a RCbMS-BA but the converse is not necessarily true. Inspired by [, ] we furnish the following examples, which will establish our claim.
Example . Let
But it is not possible to find s ∈ P, e s satisfying condition CbM and so (χ, d) is not a CbMS-BA over a Banach algebra A.
Then A is a Banach algebra with unit e = (, ), zero element θ = (, )and
) and a, b, c, d are some fixed real numbers;
Clearly (χ, d rcb ) is a RCbMS-BA over A with s = (, ). Again it is not possible to find a real number s ∈ P, e s satisfying condition CbM and so (χ, d rcb ) is not a CbMS-BA over a Banach algebra A.
For any a ∈ χ , the open sphere with center a and radius λ θ is given by ).
(ii) The limit of a sequence in RCbMS-BA is not unique. For instance { (iv) A RCbMS-BA need not be Hausdorff, as it is impossible to find r  , r   such that
for all x, y ∈ χ , then T has a unique fixed point.
Proof Let x  ∈ χ be arbitrary. Consider the iterative sequence defined by x n+ = Tx n for all n ≥ . We divide the proof into three cases.
. If x n = x n+ then x n is fixed point of T. Moreover, for any
x ∈ X the iterative sequence {T n x} (n ∈ N) converges to the fixed point. So, suppose that
i.e. the sequence {d n } is strictly decreasing and from this it follows that d n = d m whenever n = m. Continuing this process we get
Repeating this process we obtain
<  and so e -sλ  is invertible and
If p is odd, say m + , then using (.) as well as the fact that d n = d m whenever n = m we obtain
, it is easy to see that λ n is a c-sequence. Again
→ θ as n → ∞, and so it follows that, for any c ∈ A with θ c, there exists a natural number N  such that, for any n > N  , we have
If p is even say m, using (.) and (.) as well as the fact that d n = d m whenever n = m we obtain
Note that r(λ) <  s <  and so using Lemma . of [] , it is easy to see that λ n is a c-sequence.
and so it follows that, for any c ∈ A with θ c, there exists a natural number N  such that, for any n > N  , we have
Thus {x n } is a Cauchy sequence and since (χ, d rcb ) is complete, we can find u ∈ χ such that , ) (s > ). In this case, we have r(λ) n →  as n → ∞, and so there
Thus by case , T n  has a unique fixed point u * ∈ X. Now we have
i.e. Tu * is also a fixed point of T n  . Hence, by the uniqueness of the fixed point of T n  we get , and
Theorem . Let (χ, d rcb ) be a complete RCbMS-BA with θ s, and T : χ → χ be a mapping. If T is a weak Kannan contraction mapping then T has a fixed point. Further if
for some L * ∈ P, then the fixed point is unique.
Proof Let x  ∈ χ be arbitrary. Consider the iterative sequence defined by x n+ = Tx n for all n ≥ . Let d rcb (x n , x n+ ) = d n and suppose α(x, y) = d rcb (x, Ty). It follows from (.) that
Thus in both cases
where β = (e -λ) - λ. Repeating this process we obtain
Thus we have
Note that r(λ) <  and so (e -λ) - is invertible and (e -λ)
(as r(λ) < ). Thus we have r(β)
We will analyze d rcb (x n , x n+p ) as follows: For some odd p say m + 
Note that r(β) <  s <  and using Lemma . of [], β n is a c-sequence. Again using Propo-
any c ∈ A with θ c, there exists N  ∈ N such that, for any n > N  , we have
For some even p, say m,
Note that r(β) <  s <  and using Lemma . of [], β n- is a c-sequence. Again using Propo-
It follows that, for any c ∈ A with θ c, there exists N  ∈ N such that, for any n > N  ,
Thus {x n } is a Cauchy sequence and by completeness of (χ, d rcb ) there exists u ∈ χ such that
Note that r(sλ) ≤ sr(λ) <   <  and so e -sλ is invertible. Also, r(β) < 
c ∈ A and θ c, there exists N  ∈ N, such that, for any n > N  ,
i.e. Tu = u. Uniqueness follows easily from (.). for all x, y ∈ χ then T has a unique fixed point.
Proof Note that (.) implies (.) and (.). Hence the result follows from Theorem ..
Proof Note that, for k ∈ P with r(k)
where r(k) < Proof Since every CMS-BA is a RCbMS-BA with s = , the proof follows from Theorem .. 
Example . Let
Then T satisfies condition (.) For α(x, y) = θ then it is enough if we take L sufficiently large. If α(u, v) = θ , we proceed as follows. 
Then the system of linear equation (.) is equivalent to x = Tx. We will show that T 
satisfies (.). Let
